Background: The effect of the onset of difficulties with activities of daily living (ADLs) on the health-related quality of life (HRQoL) of older adults is not well understood. We identified strong longitudinal associations between ADL onset and HRQoL changes for older adults in Medicare Advantage Organizations (MAOs). Methods: We analyzed 473,282 age-eligible MAO beneficiaries in the 2008-2013 Medicare Health Outcomes Surveys (M-HOS) who reported no ADL difficulties at baseline and completed their two-year follow-ups in 2010-2015. The four HRQoL measures were the physical and mental health component scores (PCS and MCS) from the SF-12V, and the CDC's counts of physically unhealthy and mentally unhealthy days (PUD and MUD) in the past month. Ordinary least squares (OLS) and zero-inflated negative binomial regressions were used. Results: The onset of difficulty/inability in bathing, dressing, eating, getting in/out of chairs, walking, and using the toilet significantly reduced PCS scores by 10
Background
About 13% of Americans were 65 years old or older in 2010, but this percentage will increase to more than 20% by 2030 [1] . Because older adults are more likely to have reduced functional ability and greater difficulties performing daily activities of living (ADLs), their health-related quality of life (HRQoL) has become a major public health concern. HRQoL is a multidimensional concept that measures how individuals perceive their physical and mental well-being [2] . The Center for Disease Control and Prevention (CDC) has, in fact, targeted twelve objectives (OA-1 to OA-12) in Healthy People 2020 to improve the HRQoL of older adults. One specific objective (OA-5) is to "reduce the proportion of older adults who have moderate to severe functional limitations" [3] . About one-third (32.2%) of older Americans either had difficulty with or were unable to perform at least one ADL or lived in long-term care facilities in 2011. Healthy People 2020 sets a health policy goal of reducing that number to 26.4% by 2020.
To develop appropriate programs and interventions for reaching this Healthy People 2020 goal, a better understanding of the relationships between functional limitations and HRQoL is needed. Previous studies have shown that functional limitations are either directly or indirectly associated with poorer HRQoL. For example, using baseline data from the 2004 Medicare Health Outcome Survey (M-HOS) it has been shown that for every additional difficulty with or inability to perform an ADL, the number of physically unhealthy days (PUD) in the last month increased by 2.1 days and the number of mentally unhealthy days (MUD) increased by 0.9 days, even after adjusting for basic demographic factors and chronic conditions [4] . A similar study used the same 2004 M-HOS baseline data but with follow-up data two years later, and the researchers found longitudinal associations that about 10.69 additional PUDs and 3.42 additional MUDs are associated with 3 additional reported ADL limitations after two years [5] . Another study showed that the decline of global cognitive function scores derived from four measures of memory and perceptual speed before the onset of a new difficulty with or inability to perform ADL were 0.05 units per year, but in the next year they increased to 0.08 units per year, in comparison to the baseline mean cognitive score of 0.36 points [6] . Other studies have looked at how ADL limitations affect HRQoL, but only among those with certain chronic conditions like dementia, cognitive impairment, Parkinson's disease, or survivors of intensive care units after a stroke [7] [8] [9] . It has also been shown that people with functional limitations benefit less from their socioeconomic status which might otherwise have increased their HRQoL [10] .
While these studies provide evidence that ADLs are associated with HRQoL among older adults, for the most part they involved restricted samples that limit their generalizability, and used only one or two years of cross-sectional data. Our study will fill in these gaps in the evidentiary base by investigating the effects of the onset of difficulty with or the inability to perform ADLs on HRQoL in a nationally representative sample of older adults who were enrolled in Medicare Advantage Organizations (MAOs; Medicare Part C). We use seven sequential cohorts from the M-HOS each of which includes baseline and two-year follow-up surveys. This allows us to move beyond the association between ADLs and HRQoL in cross-section, toward the estimation of longitudinal associations. To do so we first selected an analytic sample of MAO beneficiaries who reported no difficulties with or inabilities to perform ADLs during their baseline surveys. Then, we tested the effects of the onset of difficulties with or inabilities to perform ADLs that the MAO beneficiaries reported at their two-year follow-up surveys on changes in their HRQoL over that same two-year period. We do this using four well-established, reliable, and valid HRQoL measures.
Methods

Data sources and study population
We used data from the M-HOS Limited Data Set (LDS) for all of our analyses. The M-HOS was developed by the Centers for Medicare and Medicaid Services (CMS) to monitor and evaluate the quality of care provided to beneficiaries enrolled in MAOs [11] . Among MAOs with at least 500 covered lives, a random sample is selected every year consisting of 500-1200 beneficiaries based on the size of the MAO's enrollment. Sampled beneficiaries in a given year receive a baseline survey and a follow-up survey two years later. Thus, the M-HOS is a crosssequential series of cohorts empaneled with baseline and two-year follow-up surveys. Surveys are usually mailed to the sample beneficiaries with telephone follow-ups when necessary to harvest missing data for partially completed and returned surveys, or for global nonresponse.
As shown in Fig. 1 , our analytic sample consists of the 473,282 MAO beneficiaries who were 65 years old or older at their baseline surveys, reported having no difficulties with or inabilities to perform ADLs at baseline, completed their two-year follow up surveys, and had no missing data on the HRQoL outcomes, the focal variable (ADL onset) or the covariates. We used data from seven consecutive M-HOS annual cohorts. Their baseline data was obtained from 2007 to 2013 and their follow-up data was obtained from 2009 to 2015.
HRQoL Outcomes
There are four HRQoL outcomes. The first two are the physical and mental health component scores (PCS and MCS) from the Medical Outcomes Study Short-Form 12-item questionnaire for veterans (SF-12V). The PCS and MCS range from 0 to 100 and are nationally normed to have a mean of 50 and a standard deviation of 10. The second two HRQoL measures are the CDC's measures of the number of physically ("Now thinking about your physical health, which includes physical illness and injury, how many days during the past 30 days was your physical health not good?") or mentally ("Now thinking about your mental health, which includes stress, depression, and problems with emotions, how many days during the past 30 days was your mental health not good?") unhealthy days (PUD and MUD) during the last 30 days [12] . The PUD and MUD counts range from 0 to 30.
In assessing subjective outcomes like the HRQoL, the validity and reliability of these measures are crucial. PCS and MCS scores, which were originally derived from the SF-36, are the two most widely used HRQoL measures for the general population, and have well-established reliability, validity, and sensitivity to change [13] . Even though the PCS and MCS in our study are derived from SF-12V, previous studies have shown high correlations with, and strong agreement between SF-36 MCS/PCS and SF-12 MCS/PCS in the general population. One study examined the actual scores across 17 populations and found that the average SF-36 and SF-12 PCS and MCS scores differed by less than one point, which suggests that the MCS/PCS from the SF-12 are as valid as those from SF-36 [14] . The CDC healthy days measures provide simple but comprehensive HRQoL summary measures which are reliable, valid, and sensitive to change in measuring physical and mental well-being over time [12] . Previous studies report high levels of agreement between these measures and the assessment of health professionals [12, 15, 16] .
Focal variables
The focal independent variables in our study are the onset of ADL difficulties or the inability to perform ADLs. The six ADLs are bathing, dressing, eating, getting in or out of chairs, walking, and using the toilet. Respondents were asked to answer "Because of a health or physical problem, do you have any difficulty doing the following activities without special equipment or help from another person?" We first recoded each ADL item into a binary indicator coded 1 for "Yes, I have difficulty" or "I am unable to do this activity" responses, and 0 for "No, I do not have difficulty". Thus, these binary indicators reflect the onset of these ADL limitations between baseline (when none of the respondents reported having any ADL limitations) and the two-year follow-up. The response rate for answering all six ADL questions at baseline was 94.8% and at the two-year follow-up was 94.3%. We model the effects of the onset of difficulty with or the inability to perform ADLs on the SF-12V PCS and MCS scores using two different approaches. First, for each ADL we analyzed how the onset of difficulty/inability between the baseline and follow-up surveys affected the SF-12V MCS or PCS scores at follow-up. The onset of difficulty/inability with each ADL is then regressed on these HRQoL outcomes, adjusting for the covariates. This yields six models (one for each ADL difficulty/inability onset) for each of the two outcomes (PCS and MCS). In the second approach, we analyze the effect of the count of all six ADL difficulty/inability onset indicators on the SF-12V MCS or PCS scores at follow-up. We model the effects of the onset of difficulty with or the inability to perform ADLs on the CDC's PUD or MUD HRQoL measures using the latter approach. That is, the count of all six ADL difficulty/inability onset indicators is regressed on the PUD or MUD days, adjusting for the covariates.
Covariates
Based on prior studies of the effects of the association between ADL difficulty/inability and HRQoL, we adjust for a variety of baseline covariates that might serve as potential confounders [4, 8, 17, 18] . As shown in Table 1 , these covariates included gender, race/ethnicity, education, annual income, marital status, medical diagnoses, housing status, body mass index (BMI), smoking status, dual-energy X-ray absorptiometry (DXA) testing, urinary incontinence, and baseline health. We also included a timedependent secular trend measure which is set to 1 for 2007 through 7 for 2013.
Analysis
The general model for our analyses is:
where Outcome it is one of the HRQoL measures (PCS, MCS, PUD, or MUD) of individual i at time t, ADL it is the focal ADL difficulty/inability onset measure, X it is a vector of baseline characteristics, and Trend t is the secular trend indicator. For the SF-12V MCS and PCS scores, we apply ordinary least square (OLS) regression, which offers the mean effect of ADL onset on individuals' physical and mental health. Because 67.9% and 77.6% of the individuals in our sample reported that they had zero physically unhealthy or mentally unhealthy days in the last 30 days, we use zero-inflated negative binominal (ZINB) regressions to estimate the effects of the focal ADL difficulty/inability onset measures on the number of CDC PUD and MUD days. ZINB models the excess number of zeros in addition to allowing the count data to be skewed and over-dispersed. It is a two-part process that combines a logistic regression model that predicts the probability of having non-zero unhealthy days with a negative binomial regression model that predicts the frequency of the unhealthy days [19] . We used a ZIP likelihood-ratio test to compare ZINB with the alternative approach of using zero-inflated Poisson regression models [20] and a Vuong test to compare ZINB with the alternative approach of using regular negative binomial regression. Both tests were statistically significant indicating that the ZINB was the preferred approach [21] . All standard errors were clustered within MAOs to account for potential within-cluster correlation.
Results Table 1 provides means and standard deviations of the dependent and independent variables. For the analytic sample, all of whom had reported having no ADL difficulties/inabilities at baseline, the average baseline SF-12V PCS and MCS scores were 45.79 and 55.38, respectively. At the two-year follow-up the average PCS and MCS scores had significantly (p<0.05) decreased to 43.79 and 54.75, respectively. For the CDC unhealthy days measures, at baseline the mean number of PUD and MUD days were 2.37 days and 1.71 days, respectively. At the two-year follow-up the mean number of PUD and MUD days Between their baseline and two-year followup surveys, 17.8% of the individuals in our analytic sample developed at least one of the six ADLs. In descending prevalence, the onset of difficulty/inability in walking was 14.3%, of getting in/out chairs was 8.5%, of bathing was 4.4%, of dressing was 3.3%, of using the toilet was 2.4%, and of eating was 1.6%. Among those who suffered the onset of one or more ADL difficulties/inabilities, the mean number of such ADL difficulties/inabilities was 1.9. Panels A and B of Table 2 show the OLS results for the two approaches to estimating the effects of the ADL onset indicators on the SF-12V PCS and MCS scores, and the full results are listed in the online Appendix. All of these models adjust for the covariates discussed above, and the coefficients for those covariates are shown in the online Appendix. As shown in Panels A and B of Table 2 , the effects of the onset of difficulty/inability with each ADL are significant and negative, indicating declining HRQoL. Specifically, the onset of difficulty/inability in bathing, dressing, eating, getting in/out of chairs, walking, and using the toilet reduced the PCS scores by 10 Individuals who developed one or more ADL difficulties/inabilities had increased PUD days that ranged from 4.36 to 16.35 days as the ADL count rose from one through five compared to those with no ADL difficulty/inability onset. This effect reduced to 14.22 when individuals developed all six ADL limitations.
As the ADL count rose from 1 through 6, the number of MUD days increased from 1.39 to 9.80 days compared to those with no ADL difficulty/inability onset. In addition to ADL limitations onset, people with better socioeconomic status, like higher income and education, generally had higher scores on all four HRQoL measures. The associations between race/ethnicity and HRQoL are different between physical and mental HRQoL measures. For example, in comparison to whites, blacks have higher scores on physical measures (PCS and PUD) but lower scores on mental measures (MCS and MUD). And for other minorities, we find negative associations across all four HRQoL measures. Among the fourteen medical conditions we adjusted for in our analyses, chronic obstructive pulmonary disease (COPD), arthritis of the hip/knee and congestive heart failure are the three conditions that worsen older adults' physical HRQoL the most. For mental HRQoL, the three conditions that worsen scores the most are inflammatory bowel disease, congestive heart failure, and stroke. Risk behaviors, like smoking and obesity, are negatively associated with all four HRQoL measures.
Discussion
Using a cross-sequential design involving seven annual cohorts yielding 473,282 MAO beneficiaries who reported no difficulties with or inabilities to perform ADLs at the time of their baseline survey, we evaluated the effects of the onset of ADL difficulties/inabilities on their HRQoL by their two-year follow-up survey, after adjusting for baseline covariates. To our knowledge, this is the first study to address this question longitudinally using a large sample derived from seven consecutive randomly selected cohorts. HRQoL was measured by the SF-12V PCS and MCS scores which were analyzed using OLS regression models, and the CDC MUD and PUD unhealthy days measures which were analyzed using ZINB regression models with the results expressed as overall marginal effects.
Our results indicate consistent and strong longitudinal associations such that the onset of ADL difficulties/inabilities decreased HRQoL for Medicare beneficiaries who were in the MAOs. In terms of the count of ADL limitations, our results are similar to Barile's analysis of the 2004-2006 M-HOS which reported that three additional ADL limitations were associated with 10.69 PUD days and 3.42 MUD days [5] , vs. our findings of 10.59 PUD days and 4.35 MUD days . Another interesting finding is that when individuals developed all six ADLs, the reduction in the physical HRQoL measures, the PCS and PUD, is somewhat smaller than it was for individuals who developed five ADLs. Among people who developed five ADLs, about 77% had no limitation in eating. This is consistent with the original hierarchy of ADL items identified by Katz and his colleagues [22] . That is, eating is one of the last ADL items "to go". Thus, people who develop eating limitations are much more likely to be institutionalized. Indeed, in these data those who developed all six ADLs were twice as likely to be institutionalized, which, of course, increased their access to formal care providers to help them cope, which likely led to their better HRQoL scores.
A potential concern of our study, especially for the PCS and MCS analyses, is that the items in the SF-12V measure both physical and mental functions, which might make PCS and MCS less accurate measures of HRQoL [23, 24] . However, we believe this was not a major issue in our study. We followed the path taken in the previous literature and did an item-by-item analysis of the SF-12 for each individual ADL onset [23, 24] . The logic of this analysis was that by regressing each ADL onset on each SF-12 item, we separately explained how each ADL onset affects each SF-12 item. The SF-12 items were recoded to have same direction that higher scores represent worse HRQoL. The results listed in Appendix Table 5 show the standardized (beta) coefficients, which indicate that each ADL onset is positively associated with each SF-12 item. This is consistent with our findings that each ADL onset worsens both PCS and MCS scores. On the one hand, this is not surprising because ADL onset affects people's physical health, especially the physical functioning domain. However, our item-by-item analysis shows that relative to the physical functioning domain, ADL onset had a larger effect on the rolephysical, bodily pain and social domains. This implies that the effect of ADL onset on HRQoL is not driven by physical functioning, even though ADL onset seems to affect physical functioning more. On the other hand, we also utilized the CDC unhealthy days items which are better instruments for measuring HRQoL because they are independent of the individuals' functional limitations [25] . And the estimations on the CDC unhealthy days were quite similar to those for the SF-12V PCS and MCS scores.
To better understand the difference across the SF-12 items and CDC unhealthy days items in our sample, we conducted two exploratory factor analyses using the principal component methods with oblique rotation. The first factor analysis had 14 variables including all SF-12 items and the two CDC unhealthy days items (PUD and MUD), and the results listed in the Panel A of Appendix Table 6 . The overall Kaiser-Meyer-Olkin (KMO) value is 0.92 which indicates good sampling adequacy, and the correlation between two factors is a robust 0.54. Our second factor analysis had four variables including the PCS, MCS, PUD, and MUD, and the results are listed in Panel B of Appendix Table 6 . The overall KMO value here is 0.64 which still indicates the sample is adequate, and the correlation between two factors is lower at -0.34.
For both factor analyses, a simple factor structure was observed such that these variables are loaded onto two underlying factors-a physical health factor and a mental health factor. We found that the MUD had similar factor loadings with the SF-12 items which measure mental health and the MCS, while the PUD had somewhat different factor loadings from the SF-12 items which measure physical health and the PCS. Therefore, MUD measures a latent mental health factor similar to the SF-12 mental health items and the MCS, but PUD measures a somewhat different latent physical health factor than the relevant SF-12 physical health items and the PCS. The main reason for the differences between PUD and the SF-12 items in measuring physical health might be that the PUD does not include questions about individual's physical functioning while the SF-12 does [25] .
Our results highlight preventing ADL difficulty/inability onset as a specific intervention target for improving older adults' HRQoL at the MAO level. The reason is that in 2008, CMS implemented the 5-star rating system to provide beneficiaries information about the quality of MAOs and to assist beneficiaries in the plan selection process. In 2011, payment bonuses were awarded to MAOs that received 4 or more stars [26] . The SF-12V PCS and MCS scores are two of the five M-HOS measures that are used to calculate the 5-star ratings for each MAO. Therefore, MAOs would likely benefit by preventing ADL difficulty/inability onset in the first place (primary prevention), or by screening for the onset of ADL difficulty/ inability onset for subsequent remediation (secondary prevention). Interventions to improve the management of some chronic conditions, like COPD and heart disease, would be another approach to increase HRQoL among older adults in MAOs.
In closing, we note that this study has several limitations. First, only MAO beneficiaries were included, who may be more likely to have better socioeconomic status and be healthier than beneficiaries enrolled in traditional Medicare (Parts A and B), creating the potential for selection bias. Furthermore, by necessity MAO beneficiaries who did not complete their follow-up interview for any reason were also excluded, creating the potential for attrition bias. Thus, these results cannot be generalized to other populations like older adults in traditional Medicare, or to younger adults, or those lost to follow-up. Therefore, further research is needed that includes fee-for-service Medicare beneficiaries, the non-elderly population, and achieves lower attrition. Second, even though the evidence is clear and compelling that the onset of difficulties/inabilities in performing ADLs substantially reduced HRQoL among these MAO beneficiaries, those HRQoL reductions only adjusted for the baseline covariates and HRQoL measures, rather than changes in those baseline covariates. Furthermore, we cannot identify whether these limitations are acute with temporary effects, or chronic with lifelong effects. With only two time points (baseline and the two-year follow-up), however, it would be difficult to interpret dynamic adjustments (changes in covariates over the two-year period). Moreover, there might be unobserved changes in health conditions that also contribute to both the onset of ADL limitations and the declines in HRQoL. A mixed methods approach using semi-structured interviews with representative samples of those who faced ADL onset and whose HRQoL either declined, remained the same, or improved might further our understanding of the underlying processes involved here.
Conclusion
The onset of ADL difficulties/inabilities among these MAO beneficiaries reduced HRQoL on both the physical and mental dimensions for both the SF-12V PCS and MCS scores and the CDC's PUD and MUD days measures after adjusting for the baseline covariates. The evidence for this was robust. The onset of difficulty/inability for each of the six ADLs was associated with an 8.98 to 11.29 point decline in the SF-12V PCS scores and a 5.34 to 9.00 point decline in the MCS scores, as well as an increase of 4.93 to 6.83 PUD days and 2.07 to 3.54 MUD days. Compared to MAO beneficiaries with no ADL onset, going from the onset of one ADL difficulty/inability to six led to declines ranging from 7.10 to 13.36 points for the SF-12V PCS scores and 2.29 to 13.36 points for the MCS scores, and from 4.36 to 14.22 days for the CDC PUD days and from 1.39 to 9.80 days for the CDC MUD days. (0.14) (0.14) (0.14) (0.14) (0.14) (0.14) (0.14) Notes: This is the full results for Panel B of Table 2 with adjustment for covariates listed in Table 1 except baseline PCS, PUD and MUD. *p<0.1, **p<0.05, ***p<0.01 Table 3 with adjustment for covariates listed in Table 1 except baseline PCS, MCS and MUD. *p<0.1, **p<0.05, ***p<0.01 Notes: This is the full results for Panel A of Table 3 with adjustment for covariates listed in Table 1 except baseline PCS, MCS and PUD. *p<0.1, **p<0.05, ***p<0.01 Notes: All SF-12 items are recoded such that higher scores represent worse HRQoL. Each cell is a separate point estimation of one ADL item on one SF-12V item. The coefficients are standardized coefficients (i.e. the beta coefficients). We utilized the same model specification as our main analysis. Standard errors are in the parentheses. *p<0.1, **p<0.05, ***p<0.01 Table 9 The factor analysis of SF-12V items and CDC unhealthy days items Notes: All SF-12 items are recoded such that higher scores represent worse HRQoL
